Introduction
Metabolic syndrome (MetS), also named as syndrome X or the insulin resistance syndrome, has existed as a public health issue for almost eight decades (1) . Recently, with the change in dietary structure and the pervasiveness of diabetes and obesity, more people have been identified with MetS. In the United States, around 35% of adults and 50% of the elderly people (more than 60 years old) were estimated to have MetS during 2003 and 2012 (2) . In China, the condition is similar to the United States and many other countries and areas (3) (4) (5) . A series of studies have shown a relatively higher prevalence of MetS in urban areas than in rural areas nationwide. Until 2014, the MetS prevalence was much higher than that of decades ago (6) .
The explicit definition of MetS was raised two decades ago by different organizations such as World Health Organization (WHO), the European Group for the Study of Insulin Resistance (EGSIR) etc. Although different definitions agree on the major essential categorical components like glucose intolerance and insulin resistance, small conflicts still exist (7) . For example, both the definitions from WHO and EGSIR considered obesity or central obesity, while the American Association of Endocrinology suggests that obesity or
Summary
The aim of this study was to assess the prevalence of metabolic syndrome (MetS) in nonobese adults (body mass index (BMI) < 25 kg/m central obesity should not be included in the identification process of MetS, because people with normal weight may also be insulin resistant. In 2004, experts from International Diabetes Federation (IDF) pointed out that the criteria of obesity used for MetS should be different in Asian areas compared to the western world since different areas may have diverse overweight incidences (8) . This advice suggests that researchers should take geographical and racial differences into consideration when a MetS condition needs to be identified. Metabolically obese but normal weight (MONW) and metabolically healthy but obese (MHO)are common and reveal different treatment effects in the clinic, notable benefits can be gained through a more comprehensive understanding of the prevalence of this subgroup population. MONW refers to the people who have normal body mass index but are related to increased levels of triglycerides, high blood pressure and the other characteristics of MetS (9) . Among the population 20-40 years old, MONW may happen at the probability of 10-18% with a high incidence of cardiovascular diseases (10) . To the contrary, individuals with MHO may reveal an unhealthy appearance, but they are usually metabolically healthy and have lower risk of cardiovascular diseases. Studies about the prevalence of MONW and MHO have been performed in western populations (2); however, research on Asian populations are limited. We herein collected a large amount of relevant data of the Beijing urban population to comprehensively acknowledge local prevalence of MONW and MHO.
Materials and Methods

Study population
A total of 22,376 subjects (13,748 men, 8,628 women, age from 18 to 85) were enrolled in this study from the health examination center of Beijing Hospital during January 2010 and December 2010. The enrolled subjects were randomly selected from all the individuals who came to the center for health examinations. Analyses of risk factors closely correlated with MetS was restricted to individuals who had a complete physical and biochemical measurements (n = 5,556). We attempted to study the detailed biochemical characteristics within the MetS groups so we only included MetS patients with complete physical and biochemical measurements. The reason for unfinished ones is that they did not have the relevant physical and biochemical measurements examinations. All participants signed informed consent, and the protocol was approved by China Health Statistics Center.
Physical examination and biochemical analysis
Physical examination and laboratory tests were performed as previously described (11, 12) . Their blood pressure (BP) was measured three times and the average was used for analysis. BP was measured when the subject was in a seated position using a manual mercury sphygmomanometer. Weight and height of every individual were measured three times respectively during the physical examination. Weight was measured to the minimum 100 g with light clothing and without shoes, and height was measured to the minimum 1 mm without shoes. Waist circumference (WC) was measured to the minimum 1 cm at the navel level, and calculated as the average of one measurement after inspiration and one after expiration.
Overnight fasting blood samples were collected and analyzed using a Hitachi Modular DPE system (Roche Diagnostics, Penzberg, Germany). The plasma glucose level was measured using the hexokinase enzymatic method. Concentrations of biochemical molecules were analyzed using an auto-analyzer (Model 747-200, RocheHitachi).
Definition of MetS, MONW, MHO, MHNW and MOO
The criteria we used to diagnose MetS were modified from those of the International Diabetes Federation (IDF) and the World Health organization-Asia Pacific region guideline, as having three or more of (1) WC ≥ 90 cm for male and ≥ 80 cm for female; (2) triglycerides (TG) concentration ≥ 150 mg/dL; (3) high-density lipoprotein cholesterol (HDL-C) concentration < 40 mg/ dL for male and < 50 mg/dL for female or taking antihyperlipidemic medications; (4) BP ≥ 130/85 mmHg or taking antihypertensive medications; (5) fasting plasma glucose >100 mg/dL or taking anti-diabetic medications, insulin or oral agents.
BMI was calculated as the ratio of weight in kilograms and the square of height in meters. According to WHO definitions, overweight was defined as BMI ≥ 25 kg/m 2 . According to the relation between metabolically obesity and weight, participants of this study were divided into four categories: metabolically obese but normal weight (MONW), metabolically healthy and normal weight (MHNW), metabolically healthy but obese (MHO) and metabolically obese and obese (MOO).
Statistical analysis
This study was designed to provide relatively precise estimates of the urban Beijing population of the prevalence of MetS on gender by different age and BMI groups. Prevalence estimates were calculated for the overall urban Beijing population by 3 age groups or 3 BMI groups. Besides, the prevalence estimates of MONW and MHO were calculated for men and women. Prevalence estimates between groups were compared
Baseline characteristics of the participants
The baseline characteristics of the study populations are presented in Table 2 . The enrolled 22376 subjects consisted of 13,748 males (61.4%) and 8,628 females (38.5%). 3.3% of the participants were underweight, 53.1% were normal weight and 43.6% were obese. Data for the 5556 MetS with complete physical and biochemical measurements are presented in Table S1 (http://www.biosciencetrends.com/action/ getSupplementalData.php?ID=11). The prevalence of non-MetS is 160-, 11.35-and 1.13-fold of that of MetS in underweight, normal weight and the obesity groups, respectively, suggesting that the obese participants have a higher risk of getting MetS. In addition, the distal blood pressure (DBP), TG, uric acid (UAC) and alanine aminotransferase (ALT) differed significantly between the non-MetS subgroup and the MetS subgroup within the underweight group. However, in the normal weight group, all variables except for gender and UAC differed substantially between the non-MetS and the MetS subgroups. Besides, in the overweight group, despite of gender, age, height, weight/height (W/H) ratio and creatinine (CR), all variables exhibited significant differences between the non-MetS subgroup and the MetS subgroup. Furthermore, when comparing the MONW and MHO subgroups, gender, age, HDL-C, UAC, CR and aspartate aminotransferase (AST) did not show a difference but the rest of the variables did, indicating that 'the rest of the variables' could possibly using χ 2 test. Statistical significance was met with a twotailed P < 0.05. Statistical analyses were done using SPSS 20.0 (IBM, Armonk, NY, USA). Categorical variables were presented as numbers and percentages. Continuous variables were presented as mean ± standard deviation (SD). After checking for the normality, continuous variables were analyzed using the Student's t-test. The differences between subgroups were analyzed using Student's t-test. The risk factor analysis was done using a univariate and multivariate logistic regression method.
Results
The prevalence of MetS among the participants
Approximately 24.8% of the participants have MetS (27.8% of the males and 20.2% of the females have MetS). Overall, men had a much higher MetS prevalence than women did.
In males, the prevalence of MetS was 3.1% among the ≤ 39 yrs, 8.7% among the 40-59 yrs and 5.3% among the ≥ 60 yrs. Men had their highest MetS prevalence in their 40s and 50s but had their lowest MetS prevalence under 39 ( Figure 1A , Table 1 ). In females, the prevalence of MetS was 0.4% among the ≤ 39 yrs, 3.3% among the 40-59 yrs and 4.0% among the ≥ 60 yrs ( Figure 1A , Table 1 ). Women had the highest MetS prevalence in the > 60 group but the lowest MetS prevalence under 39 ( Figure 1A ). Table 2 . Baseline characteristics of the subjects on BMI and MetS 
Characteristics of subjects by age among the nonMetS
Overall, MONW participants had the highest prevalence in 60 + yrs women (28.29%) and men (11.32%). MHO participants had a prevalence peak in the ≤ 39 yrs age group (men, 69.15% and women, 76.69%) (Figure 2 ). The characteristics of study subjects stratified by age among non-MetS are presented in Table 5 .
The results demonstrate that sex, age, WC, SBP, DBP, ALT, FG, UAC, TG, HDL-C and LDL-C are all very significant risk factors for MetS.
Discussion
Our results revealed that not only obese but nonobese individuals in Beijing urban population also had metabolism-associated disorders. MONW is less common than MHO among all participants regardless of gender. Males had higher MHO incidence but lower MONW incidence than females. Age is associated with other variables. Males aged between 40-59 yrs had the highest MetS prevalence compared to those aged above 60 yrs or under 39 yrs. Among females, the highest MetS prevalence is present after age 60, which may be due to postmenopausal status (13, 14) . The worldwide MetS prevalence among adults ranges from 10% to 55%, depending on the ethnic group, urbanization, lifestyle and diagnostic criteria (15) (16) (17) (18) . For instance, in China, it was estimated that the overall prevalence of MetS in adults was 11.1% in 1991 and 26.1% in 2004. The changes of MetS prevalence across the last two decades suggest that the prevalence of MetS has become higher with the development of urbanization. From another study in 2011, Uygur ethnic group has a higher prevalence of MetS than the Han group because of high intake of animal fats, proteins Table 4 . Baseline characteristics of the subjects by gender and age among the non-MetS 1 Data are mean ± SD or number (percentage, %). 2 Non-MetS, non-metabolic syndrome; BMI, body mass index; WC, waist circumference; W/H; weight/ height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FG, fasting glucose; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UAC, uric acid; ALT, Alanine aminotransferase; AST, aspartate aminotransferase; SUN, serum urea nitrogen; CR, creatinine. 3 P represents the difference of each risk factor for Men and Women in Non-MetS subgroups 4 * P < 0.05 and ** P < 0.01. 2 on age. Generally, women showed higher prevalence of MONW among the non-obese than men did. Both men and women had the highest prevalence of MONW in their 60s and over. Both men and women showed the lowest prevalence in the < 39 yrs group. B. The prevalence of MHO among the obese population by age. Overall, women demonstrated slightly higher prevalence of MHO than men did. Both male and female showed the highest prevalence in the <39 yrs group and the lowest prevalence in the > 60 yrs group. and salts and less exercise. Besides, the prevalence of MetS in Caucasians was higher than that in Asia (19) . These studies confirmed that ethnic and life styles could contribute to the differences of MetS prevalence. We aimed to study the prevalence of MHO and MONW among the population in Beijing city only to comprehend the understanding of the current situation of MetS and obesity. In this study, we found that sex, age, WC, SBP, DBP, ALT, FG, UAC, TG, HDL-C and LDL-C are all very significant risk factors for MetS. With increase in age, the medial layer of the vessel wall appears gradually degenerated, the middle collagen content increases and the elastic layer fractures. With long-term hypertension, the structural change is more obvious and intensified, because the large artery stiffness exacerbates with aging, flexibility also declines with a high risk of vascular disease. In addition, our results showed that males between 40-59 yrs were prone to have MetS whereas females above 60 yrs were more likely to have MetS, suggesting that MetS is a serious public health burden affecting people in Beijing.
Having known the high prevalence of MONW and MHO among the Beijing urban population, we wanted to see which factors are closely correlated with MetS. Physical and blood examinations were both done to uncover the correlation between MetS and variables. UAC is the product of purine metabolism in humans and MetS individuals often have high UAC levels; however, the association of UAC levels and the prevalence of MetS remains contradictory (20) (21) (22) (23) . Little information on its association with MetS in Chinese population is available. Consistent with the previous finding, Pearson's correlation analyses in this work suggests that hyperuricemia is more correlated with MetS in males than in females (24) . Our findings also suggested that UAC and TG could be a risk factor for MetS. Previous studies showed that high TG level was associated with hyperuricemia (24, 25) . The possible explanation is that TG could promote the production of UAC and the synthesis of ribose-5-phosphate to phosphoribosyl pyrophosphate (PPRP) (26) . The UAC level was found closely associated with MetS incidence among the Beijing urban population; however, the precise mechanism underlying the association of UAC with MetS has not been elucidated and further studies are needed.
Some epidemiological research has shown that ALT and AST with MetS risk factors BMI, DBP, TG, HDL-C, LDL-C and UAC (27, 28) . Previous studies suggest that high ALT levels are related to MetS and obesity in Japanese (27) , Chinese (29) and Korean adolescents (30) . The reason might be that ALT and AST are involved in fat accumulation in the liver and are closely correlated with fatty liver disease (27, 31, 32) . Intriguingly, we also found that ALT was more closely associated with MetS than AST among our subjects; however, the underlying mechanism explaining this finding remains to be further explored.
There are limitations to the present study that warrant further research. First of all, the study population only consists of the Beijing urban population, so it cannot represent the prevalence of MetS in Beijing suburban areas or other provinces. Secondly, this study did not include the influence of ethnic or lifestyles on MetS prevalence, which have been indicated to have effects on MetS prevalence.
In summary, we conducted this cross-sectional 
